Introduction
Mantle-cell lymphoma (MCL) is an incurable and aggressive hematologic malignancy with poor prognosis (median overall survival [OS] 4-5 years).
1,2 MCL is a relatively rare form of B-cell lymphoma derived from mantle-zone B cells with a BCL1 translocation. MCL comprises 5%-6% of all non-Hodgkin lymphoma (NHL), worldwide. 3 Of the NHL cases reported across East Asia, the frequency of MCL has been estimated at 4% in Taiwan, 4 2.6% in China's Shanxi Province, 5 2.79% in Japan, 6 and 1.5% in the Republic of Korea. 7 These frequencies are lower than those reported in Europe (4%-10%), [8] [9] [10] but similar to those observed in the US (2.8%).
11
A study of 21 male Taiwanese patients with MCL revealed that morphological variants identified in the Western population were also common to Taiwanese patients. 12 The similarities in features of MCL between East Asian subpopulations and Western patients with MCL may indicate that the disease follows a similar course in both groups.
Complete response (CR) rates of up to 48% have been achieved using rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP), submit your manuscript | www.dovepress.com
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Jin et al but progression-free survival (PFS) was limited (median 16.6 months). 13 The efficacy of R-CHOP in East Asian patients with MCL is limited, derived primarily from retrospective studies. A Taiwanese single-institution analysis reported a 5-year OS rate of 52.7%. 4 A study of 18 Chinese patients with MCL who received R-CHOP therapy reported 2-year PFS and OS rates of 53% and 59%, respectively. 14 In a Japanese study, 5-year OS was 62% in 64 patients with newly diagnosed MCL, of whom 41 received R-CHOP. 15 In addition, a study of 501 Japanese patients with MCL who received rituximab-based therapy reported 5-year OS rates of 74%, 70%, and 35% in patients with low-, intermediate-, and high-risk International Prognostic Index (IPI) scores, respectively. 16 For patients ineligible or not considered for intensive chemotherapy and stem-cell transplantation, R-CHOP has until recently been considered the standard frontline therapy. [17] [18] [19] [20] As a result of the LYM-3002 Phase III trial (NCT00722137), the proteasome inhibitor bortezomib is approved for the treatment of both frontline and relapsed MCL in the US 21 and 53 other countries. The LYM-3002 study was performed to investigate the benefit of substituting bortezomib for vincristine (VR-CAP), due to concerns over potential overlapping neurotoxicity 22 and determine whether the combination could improve outcomes in stem-cell transplant-ineligible patients with MCL. 20 This study identified that median PFS after a median follow-up of 40 months was 24.7 versus 14.4 months with VR-CAP and R-CHOP, respectively (HR 0.63, P0.001; 59% improvement with VR-CAP). VR-CAP was more efficacious than R-CHOP in terms of CR rate (53% vs 42%), median duration of CR (DOCR; 42.1 vs 18 months), treatment-free interval (TFI; 40.6 vs 20.5 months) and 4-year OS rates (64% vs 54%). Experience in multiple myeloma has shown a similar safety profile between Asian and Western patients who received bortezomib. [23] [24] [25] [26] However, some unique adverse event (AE) profiles have been described with bortezomib in Japan, 27, 28 suggestive of differences in pharmacogenomics between Asian and Western multiple-myeloma populations.
At present, there have been no studies specifically evaluating the efficacy and safety of bortezomib in East Asian patients with MCL. The efficacy, safety, and exposure profiles of oncology drugs can differ greatly between Western and Asian patients (eg, resulting in regional differences in doses), 29 highlighting the importance of determining treatment effects in the Asian population. This post hoc retrospective subgroup analysis thus evaluated the efficacy and safety of VR-CAP versus R-CHOP in East Asian patients (defined as those enrolled from China, Japan, Republic of Korea, and Taiwan) with newly diagnosed MCL who were ineligible for stem-cell transplantation, who were enrolled into the LYM-3002 trial.
Materials and methods
Patients and study design
Inclusion/exclusion criteria for the LYM-3002 study have been described previously. 20 Briefly, adults with newly diagnosed stage II-IV MCL who were ineligible or not considered for stem-cell transplantation were enrolled between May 2008 and December 2011. Patient diagnosis was confirmed by central pathology review. The trial was conducted according to the Declaration of Helsinki, Good Clinical Practice guidelines, and local regulatory requirements. The trial protocol was approved by local ethics committees/institutional review boards. All patients provided written informed consent prior to the commencement of the study.
Patients were randomized 1:1 to receive six 21-day cycles of VR-CAP or R-CHOP (up to eight cycles if response first documented at cycle six). VR-CAP consisted of rituximab 375 mg/m 2 intravenously (IV) on day 1, cyclophosphamide 750 mg/m 2 IV on day 1, doxorubicin 50 mg/m 2 IV on day 1, prednisone 100 mg/m 2 orally on days 1-5, and bortezomib 1.3 mg/m 2 IV on days 1, 4, 8, and 11. In the R-CHOP arm, the same regimen was used, except bortezomib was replaced by vincristine 1.4 mg/m 2 IV on day 1 only (maximum total dose 2 mg). Patients were stratified by their IPI score (low [0-1], low-intermediate [2] , high-intermediate [3] , and high [4] [5] ) and disease stage (American Joint Committee on Cancer NHL staging system) at diagnosis (II-IV).
assessments
The primary end point was PFS, based on blinded independent radiology review committee (IRRC) assessment of disease progression (for the list of IRRCs and ethics committees please see the Table S1 ). PFS per investigator assessment was also evaluated and used as supportive evidence. Secondary end points were CR plus unconfirmed CR (CRu) rate, overall response rate (ORR; CR/CRu plus partial response), time to response, duration of response (DOR), DOCR/CRu, time to progression (TTP), time to next (antilymphoma) therapy (TTNT), TFI, OS, and safety.
Computed tomography (CT) scans were performed every two cycles (6 weeks) during treatment and every 6-8 weeks during follow-up until disease progression, study discontinuation, initiation of alternate therapy, or death. At enrollment, up to ten measurable sites of disease (clearly 
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Vr-caP vs r-chOP in east asian Mcl patients measurable in two perpendicular dimensions: 1.5 cm in the long axis, 1 cm in the short axis) were measured using CT scanning and tracked. At each subsequent assessment, the sum of the product of the diameters of the measurable sites was calculated (ie, the sum of the long axis and short axis of all tracked lesions). All CT results were reviewed according to modified International Workshop to Standardize Response Criteria for NHL. 30 AEs were graded using the National Cancer Institute's Common Terminology Criteria for Adverse Events version 3.0. 31 
statistical analyses
In this post hoc subgroup analysis, all primary and secondary efficacy assessments were performed on the East Asian intent-to-treat subpopulation (containing all randomized subjects from Japan, the Republic of Korea, China, and Taiwan), except for response end points (which were analyzed in the response-evaluable population) and TFI data (analyzed in the safety population). The response-evaluable population was defined as all patients in the intent-to-treat population who received at least one dose of the study drug, had at least one measurable tumor mass at baseline, and had at least one postbaseline tumor assessment by IRRC, before any subsequent antilymphoma treatment. The safety population was defined as all randomized patients who received at least one dose of study drug.
The database lock for these analyses was January 10, 2014. Kaplan-Meier methodology was used to estimate timeto-event distributions, with stratified log-rank tests and Cox proportional-hazard models (α=0.05, two-sided) used for interarm comparisons of time-to-event end points. A stratified Cochran-Mantel-Haenszel χ 2 test with IPI score and disease stage at diagnosis as stratification factors was used to assess interarm differences in response rates. Of note, the study was not powered to determine the advantages of VR-CAP over R-CHOP in the East Asian population.
Results
Patients
In the LYM-3002 Phase III study, a total of 121 East Asian patients were enrolled across ten centers in Japan, two in the Republic of Korea, ten in China, and one in Taiwan. Of these, 73 were randomized to VR-CAP and 48 to R-CHOP ( Figure S1 ); 18 patients were enrolled in Japan (VR-CAP, n=7; R-CHOP, n=11), five in the Republic of Korea (VR-CAP, n=3; R-CHOP, n=2), 95 in China (VR-CAP, n=61; R-CHOP, n=34), and three in Taiwan (VR-CAP, n=2; R-CHOP, n=1).
In the East Asian population, patient demographic and baseline characteristics were generally well balanced between the two groups (Table 1) , with similar median ages of 64 and 62 years in the VR-CAP and R-CHOP groups, respectively. Lymphoma was identified in the bone marrow of 49% and 58% of VR-CAP and R-CHOP patients, respectively. Treatment exposure was similar between groups ( Table 2 ). The median number of cycles received was six, with 85% of patients receiving six or more cycles in both the VR-CAP and R-CHOP groups. For drugs common to both regimens, mean relative dose intensity (proportion of dose prescribed that was actually received) was 91% across both groups. In the VR-CAP group, the mean relative dose intensity of bortezomib was 78%, and in the R-CHOP group the mean relative dose intensity for vincristine was 86%. 
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Jin et al progression/death events in the VR-CAP and R-CHOP arms, respectively, median PFS by IRRC was 28.6 months (VR-CAP) versus 13.9 months (R-CHOP) (HR 0.7, P=0.157) ( Figure 1A) , representing a 30% reduction in the risk of disease progression or death with VR-CAP. Median PFS by investigator assessment was 27.7 months (VR-CAP) versus 16.1 months (R-CHOP) (HR 0.58, P=0.03) ( Figure 1B) .
Of the 121 patients enrolled in East Asia, 115 patients (70 VR-CAP, 45 R-CHOP) were evaluable for response (Table 3) . By IRRC assessment, ORRs were 97% and 98% for VR-CAP and R-CHOP, respectively, and rates of CR/ CRu (verified by bone marrow and lactate dehydrogenase) were 63% for the VR-CAP group and 47% for R-CHOP. Median time to response was 1.4 months in both arms. Median DOR with VR-CAP and R-CHOP was 30.7 and 14.4 months, respectively, and respective median durations of CR/CRu were 46.7 and 16.6 months. Median TTP by IRRC was 30.9 versus 15.7 months with VR-CAP versus R-CHOP. Investigator assessments of response were consistent with the IRRC assessments (Table 3) .
At data cutoff, 21 (29%) VR-CAP patients and 28 (58%) R-CHOP patients had received subsequent antilymphoma therapy following their respective frontline treatments. The types of subsequent therapy received in second-line therapy and beyond were generally similar across the two arms. Of note, 0 patients in the VR-CAP arm and seven (15%) in the R-CHOP arm received subsequent bortezomib. Median TTNT was 50.8 versus 24.8 months (Figure 2A ) and median TFI 46.5 versus 21 months with VR-CAP versus R-CHOP.
OS data were not mature at data cutoff, with 37 (31%) deaths in the East Asian population (22 [30%] in the VR-CAP arm and 15 [31%] in the R-CHOP arm). Median OS was not reached with VR-CAP versus 56.3 months with R-CHOP ( Figure 2B ). The 4-year survival rates were 62% in the VR-CAP group and 61% in the R-CHOP group.
safety
Of the 121 East Asian patients who were randomized, 120 received at least one dose of the study drug and were included in the safety population. One patient was excluded from the VR-CAP arm, because they chose to withdraw following randomization prior to receiving any study treatment. All patients in both groups experienced at least one treatmentemergent AE. The most common AEs are summarized in Table 4 ; AEs with a 20% difference between groups were thrombocytopenia (VR-CAP 99%, R-CHOP 35%), anemia (81% vs 58%), lymphopenia (64% vs 42%), diarrhea (47% vs 10%), pyrexia (47% vs 23%), and nausea (31% vs 8%).
Grade 3 treatment-emergent AE rates were 100% in the VR-CAP arm versus 94% in the R-CHOP arm. The most frequent grade 3 AEs with 10% difference between arms were hematologic toxicities, including neutropenia (VR-CAP 97%, R-CHOP 79%), leukopenia (89% vs 54%), thrombocytopenia (83% vs 13%), and lymphopenia (60% vs 33%). Diarrhea was the most common grade 3 nonhematologic toxicity (VR-CAP 14%, R-CHOP 4%) ( Table 4) . Grade 4 AE rates were 83% in the VR-CAP arm versus 69% in the R-CHOP arm. The most common grade 4 AEs, with a frequency of 5% in either group, were hematologic toxicities, including thrombocytopenia (VR-CAP 51%, R-CHOP 4%), leukopenia (64% vs 25%), and lymphopenia (38% vs 4%). In the VR-CAP and R-CHOP groups, respectively, four (6%) and five (10%) patients discontinued due to AEs, and six (8%) and two (4%) had grade 5 AEs. Two patients in the VR-CAP arm and one in the R-CHOP group died during the study due to AEs: in the VR-CAP arm, one patient had left ventricular dysfunction and aspiration that was considered as possibly related to treatment, and one had aspiration pneumonia that was considered unrelated to study therapy; in the R-CHOP arm, one patient had cardiac failure that was considered as being related to study treatment (most likely to doxorubicin).
The incidence of serious AEs was 26% with VR-CAP and 27% with R-CHOP. Rates of individual serious AEs 
were 5% in each treatment group, except for febrile neutropenia (VR-CAP 8%, R-CHOP 4%), neutropenia (VR-CAP 8%, R-CHOP 6%), thrombocytopenia (VR-CAP 6%, R-CHOP 0%), pneumonia (VR-CAP 3%, R-CHOP 6%), and pyrexia (VR-CAP 6%, R-CHOP 2%).
The management of key AEs -thrombocytopenia, neutropenia, and peripheral neuropathy (PN) -in both groups is summarized in Table 5 . The rates of red blood cell (RBC) transfusions were 15% with VR-CAP and 13% with R-CHOP, and platelet transfusions with VR-CAP were 35% and 4% with R-CHOP. Rates of any-grade bleeding events were 3% for VR-CAP and 2% for R-CHOP. In total, 96% of patients in the VR-CAP arm and 85% in the R-CHOP arm received colony-stimulating-factor therapy before or during study treatment; in 19 and nine patients, respectively, this was employed prophylactically. Reactivation of hepatitis B virus (HBV) was similar between groups -3% versus 2%. There were 15 PN events in the VR-CAP group and 14 in the R-CHOP group. (Table 5) .
Discussion
This subgroup analysis of the large, international, randomized Phase III LYM-3002 study was the first to evaluate the clinical benefit of bortezomib-based therapy in East Asian patients with newly diagnosed MCL. A 43% improvement in median PFS was observed in East Asian patients who received VR-CAP compared with R-CHOP (HR 0.7, P=0.157), a finding that was consistent with the benefit observed in the overall LYM-3002 population (HR 0.63). 20 Also consistent with the findings in the overall population, VR-CAP was associated with increased, yet manageable, toxicity in East Asian patients. Despite these similarities, the retrospective nature of this subgroup analysis means that it was not powered to determine a statistically significant difference in PFS between VR-CAP and R-CHOP in the East Asian subgroup. The analysis was limited by the size of the East Asian subpopulation and the number of PFS events that had occurred at data cutoff. Because of this, the HR was the most valuable metric, providing a measure of the treatment effect of VR-CAP versus R-CHOP in the East Asian subgroup. Nevertheless, these findings suggest that VR-CAP is a feasible and active treatment option in East Asian patients with MCL who are ineligible for transplant.
The primary end point data on PFS are supported by findings for the secondary efficacy end points. Clinically relevant improvements included higher rates of CR/CRu in the VR-CAP group, which were more durable than those This contrasts with the overall study data, in which VR-CAP provided a 4-year survival advantage over R-CHOP of 10%, determined after a similar percentage of patients had died (32%, median duration of follow-up 38.9 months). These results should be interpreted with caution, due to the smaller sample size of the East Asian subgroup versus the overall population.
At the time of subgroup analysis, there were limited data available for the safety of R-CHOP-and bortezomib-based therapies in an East Asian population. This was the first analysis performed to evaluate the use of bortezomib for the treatment of newly diagnosed MCL in this population. 
This analysis supports previous findings of the activity of bortezomib and rituximab-based therapies in this region. [32] [33] [34] [35] [36] [37] [38] The analysis was generally comparable with both IRRC and investigator assessments, with the largest discrepancy between IRRC and investigator assessment for median TTP with VR-CAP (IRRC 30.9 months, investigator assessment 42.7 months).
The safety profiles of VR-CAP and R-CHOP in East Asian patients appeared to generally reflect those reported in the overall LYM-3002 patient population. 20 All East Asian patients experienced at least one any-grade treatment-emergent AE, irrespective of the treatment they received. Hematologic toxicities were more abundant in the VR-CAP group compared with R-CHOP. This is consistent with previous reports of the increased hematologic toxicity associated with bortezomib. 21, [35] [36] [37] [38] [39] Although the incidence of hematologic toxicities was greater in the VR-CAP group, toxicities were effectively managed in both treatment groups by supportive therapies (eg, transfusions, growth factors), as permitted per protocol, and the rates of associated clinically Rates of PN were lower in the VR-CAP group than the R-CHOP group (21% and 29%). These rates compared favorably with those reported in multiple-myeloma trials (37%-44%). 41 Resolution of clinical neuropathy was similar between groups (VR-CAP 73%, R-CHOP 79%). PN is a known reversible side effect of bortezomib, and a known toxicity of vincristine. 22, [35] [36] [37] [42] [43] [44] [45] It seems that the rate of bortezomib/ vincristine-induced PN was lower in the East Asian population than the overall LYM-3002 population. HBV is prevalent in the East Asian region and reactivation was similar between groups, indicating that the use of VR-CAP over R-CHOP does not increase the risk of HBV reactivation.
A major limitation of this subgroup analysis was the loss of randomization due to the post hoc nature of the analysis. East Asian geography was not considered during patient stratification in the original LYM-3002 study, which led to imbalance in the number of patients in the treatment groups and resulted in some minor differences in patient characteristics, such as median age and rates of bone-marrow involvement.
It should also be noted that while this analysis included all East Asian patients of the LYM-3002 study, the distribution of patients across the East Asian countries (Japan, Republic The safety population (n=120) included all randomized patients who received at least one dose of any study drug. any-grade adverse events that occurred in 20% of patients in either arm during the study-treatment period are listed; corresponding rates of grade 3 adverse events are also presented. incidence is based on the number of patients experiencing at least one adverse event. Abbreviations: r-chOP, rituximab + cyclophosphamide, doxorubicin, vincristine, prednisone; Vr-caP, bortezomib, rituximab, cyclophosphamide, doxorubicin, prednisone. significant outcomes were low. There was a slightly higher rate of supportive care used in the East Asian population compared with the overall population (40% and 12.5% compared with 34% and 18% for VR-CAP and R-CHOP, respectively). 20 There was an increased occurrence of febrile neutropenia in the VR-CAP group, which may explain the increased use of colony-stimulating factor in the East Asian population compared with the overall LYM-3002 population. Based on the relative dose intensity, treatment exposure, and discontinuation rates, VR-CAP and R-CHOP appeared as tolerable in East Asian patients as in the overall study population.
Thrombocytopenia is a known reversible, transient, cyclical effect of proteasome inhibition, 40 rather than a long-term toxic effect. The higher thrombocytopenia rates observed with VR-CAP were reflected in a higher rate of platelet transfusions, but rates of clinically significant bleeding events were similar between arms, indicating no sequelae. Despite the increased rate of anemia with VR-CAP compared with R-CHOP, the number of patients who received an RBC transfusion was similar between the two arms. The percentage of East Asian patients who received an RBC transfusion was lower than in the overall LYM-3002 population in both groups: 15% and 13% for VR-CAP and R-CHOP in the East Asian population versus 22% and 17% of the overall population. A higher rate of neutropenia in the VR-CAP group OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Vr-caP vs r-chOP in east asian Mcl patients of Korea, People's Republic of China, and Taiwan) was not equal. Most patients were of Chinese ethnicity (79%), with 15% Japanese, 4% Korean, and 2% Taiwanese. Therefore, the results presented here may be more representative of the efficacy and safety of VR-CAP and R-CHOP in Chinese patients.
To conclude, this subgroup analysis of VR-CAP versus R-CHOP in East Asian patients with newly diagnosed MCL enrolled in the global LYM-3002 study showed consistent findings with the overall population, with substantially prolonged PFS and improvements in secondary efficacy end points, including CR/CRu rates, DOR and DOCR/CRu, Notes: a supportive therapies were permitted per protocol; b peripheral neuropathy not elsewhere classified, the high-level term including peripheral sensory neuropathy, neuropathy peripheral, peripheral motor neuropathy, and peripheral sensorimotor neuropathy. Abbreviations: ne, not estimable; r-chOP, rituximab + cyclophosphamide, doxorubicin, vincristine, prednisone; Vr-caP, bortezomib, rituximab, cyclophosphamide, doxorubicin, prednisone.
TTP, TTNT, and TFI. The improved efficacy with VR-CAP relative to R-CHOP was accompanied by increased toxicity; however, this appeared manageable, since this did not influence the number of completed cycles, median dose intensity for drugs common to both regimens, or rates of AE-related discontinuations or deaths (ie, tolerability of VR-CAP compared with R-CHOP was not affected). Tolerability appeared similar in the East Asian population compared with the overall LYM-3002 population. The results suggest that VR-CAP could be considered an effective treatment option for newly diagnosed MCL patients in East Asia for whom intensive treatment and stem-cell transplantation is not an option. 
